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ABSTRACT 

The s t a t e -o f - the -a r t  of n u c l e a r  r eac to r - t he rmoe lec t r i c  
conve r t e r  power subsystems i s  d i s cus sed  i n  t h i s  r e p o r t .  The AEC 
has developed t h e  U Z r H  SNAP r e a c t o r s  t o  a completely developed 
and demonstrated des ign  f o r  space  f l i g h t  a p p l i c a t i o n s .  The 
p r e f e r r e d  convers ion u n i t  f o r  t h e  SNAP r e a c t o r s  i s  t h e  thermo- 
e l e c t r i c  conve r t e r  which has a l s o  been developed and demonstrated 
f o r  space a p p l i c a t i o n s .  

I n  t h e  advanced des ign  s t u d i e s  t h e  e s t ima ted  s p e c i f i c  
weight i s  from 2.0 t o  3 .0  w a t t s / l b  i n c l u d i n g  s h i e l d i n g  f o r  
man-rated systems rang ing  from 5 t o  20 k i l o w a t t s .  
The range i n  power i s  ob ta ined  by va ry ing  t h e  r e f l e c t o r  s i z e  
and t h e  number of f u e l  e lements .  L i f e t ime  c a p a b i l i t i e s  of 
ove;, t h r e e  yea r s  can be provided w i t h . h i g h  r e l i a b i l i t y .  

Based on t h e  demonstrated o p e r a t i o n a l  exper ience  achieved 
t o  d a t e  and t h e  advanced des ign  s t u d i e s ,  it i s  reasonable  t o  cons ider  
t h i s  t ype  of system as f e a s i b l e  f o r  a  manned miss ions  i n  t h e  
1 9 7 0 ' s .  
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MEMORANDUM FOR FILE 

A number of different power subsystems are being 
considered for the Mars manned flyby mission with the solar 
cell array providing the baseline power subsystem. Apparently 
the nuclear reactor-thermoelectric system is not being con- 
sidered as a contender. A considerable effort by the AEC and 
its contractors has gone into the development of reactor- 
thermoelectric systems and components. The demonstrated results 
and expectations based on design studies of advanced systems 
are discussed in this report. 

SNAP Nuclear Reactor 

The only heat source which has been developed by the 
AEC for a multikilowatts electrical space power system is the 
UZrH SNAP reactor. This reactor uses fully enrichea uranium 
235 as the nuclear fuel. This fuel is alloyed with zerconium 
hydride which serves as the moderator. A total of 14 SNAP 
reactors have been constructed to date (Reference 1). Approximate:-y 
6 million thermal kilowatt hours have been produced from these 
reactors to date. 

The SNAP 10A reactor constitutes a completely developed 
and demonstrated design for space flight applications. This 
system was successfully launched into orbit, started remotely 
by ground command, and operated in the static control mode at 
design conditions for 43 days. A failure in the spacecraft 
electrical system caused inadvertent shutdown of the system. A 
companion unit, integrated into a complete flight-configured 
power system, successfully completed 10,000 hours of operation 
in March, 1966 in a nuclear endurance test under a simulated 
space vacuum environment. The SNAP 10A reactor power capability 
is 100 thermal kilowatts at an outlet temperature of about 
llOO°F. Advancements in fuel element and reflector technology 
permit operation at outlet temperatures of 1300°F as demonstrated 
by the SNAP 8 Experimential Reactor during 12,000 hrs of nuclear 
operation. 

If a nuclear reactor electrical power system is to 
be used in the time period 1970-1980 the AEC (Reference 2) 
would recommend the UZrH man-rated SNAP 8 reactor. Beyond 
1980 a fast reactor utilizing more advanced conversion 
techniques will hopefully be developed. 



BELLCOMM, I N C .  

Thermoelectric Converters 

Converters which are considered for use with the 
SNAP 8 reactor include the Hg Rankine cycle, the Brayton cycle, 
and the thermoelectric converters. Currently the thermoelectric 
converter is preferred for a mission such as the manned Mars 
flyby requiring 5kwe power or more by 1975. This preference 
was stated to the author by members of the AEC in a recent 
meeting (Reference 2). The reasons for this preference are 
briefly discussed. However, it is important to mention that 
the objective here is to present a power system for consideration 
for the manned Mars flyby and not to eliminate considerations of 
other possible system combinations. 

The SNAP 2 and SNAP 8 reactors were originally pro- 
posed for use with the Hg Rankine cycle as the conversion unit. 
These programs have been a disappointment because of the cost 
and time delays involved in developing reliable components 
for the Hg Rankine cycle. The problems have been well documented 
in the literature such as Reference 3 and 4. Overall system 
reliability and maintenance are still the major problems for 
long duration space power systems of this type. 

The problem with a Brayton cycle - SNAP 8 reactor system 
is the operating temperature. To obtain high performance, 25% 
efficiency, with the Brayton cycle requires operating the reactor 
between 1500-1.600~~ outlet temperature. At these temperatures 
the life expectancy of the reactor is reduced. 

As stated the AEC would prefer to use the thermoelectric 
converter with the SNAP 8 type reactor. With the Westinghouse 
compact PbTe converter and SNAP 8 reactor the estimated specific 
weight is from 2.5 - 3 watts/lb for a 5 - 50kw electrical 
system (Reference 2). Dr. Wimmer of A1 in his paper (Reference 1) 
discussed a man-rated SNAP 8 reactor-thermoelectric converter 
system where the power system can be extended from 5 to 20kw 
electrical. The reactor uses the same core as the SNAP 8 
reactor, except that the reflector configuration is optimized 
to reduce shield weight. Variations of reflector size and 
number of fuel elements in the core can provide lifetime capa- 
bilities of over three years at power levels approaching 9OOkw 
thermal. Data on 5, 10, 15, and 20kw electrical power systems 
discussed by Dr. Wimmer are presented in Table I. The specific 
power varies from 2.1 to 3.0 watts/lb including shielding. 



Thermoelectric power conversion may be accomplished 
using either silicon-germanium, lead-telluride or segmented 
silicon-germanium lead-telluride thermoelectric elements, 
In the SNAP 10A a SiGe direct-radiating converter was used, 
Over 47 million element-hours of testing were accomplished 
on these converter modules. Dr. Wimmer (Reference 1) proposed 
SiGe elements in the man-rated reactor-thermoelectric system 
described above. Redden and Kitterman AEC propose the 
Westinghouse PbTe compact converter. Segmenting the two 
thermoelectric materials SiGe and PbTe is a technique for 
achieving increased conversion efficiency. Efficiencies of 
10% are feasible for a hot-junction temperature of 1700°F 
and a cold-junction temperature of 80°F (Reference 3). However, 
the hot-junction temperature of 1700°F is too high for the 
SNAP 8 reactor. 

Conclusion 

The demonstrated, operational experience achieved to 
date with reactor-thermoelectric systems and components is 
summarized in Table I1 (Reference 1). On the basis of this 
experience and design studies of advanced systems utilizing 
this technology, it is reasonable to conclude that reactor-- 
thermoelectric systems are feasible for the manned Mars 
flyby mission. 
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TABLE I 

REACTOR THERMOELECTRIC SYSTEM PERFORMANCE 

( 5  t o  20 kwe) 

Net Power (kwe) 

R e a c t o r  Power (kwt )  

R e a c t o r  O u t l e t  Temperature (OF) 

Des ign  L i f e  a t  Rated  Power ( y r )  
2  Cross  R a d i a t o r  Area ( f t  ) 

Base Diameter  ( f t )  

O v e r a l l  Height  ( f  t ) 

Unsh ie lded  System Weight 

R e a c t o r  - Payload  S e p a r a t i o n  D i s t a n c e  
( f t )  

S h i e l d  Weight ( l b )  

Boom and Cable Weight ( l b )  

T o t a l  S h i e l d e d  System Weight 

S p e c i f i c  Power ( w a t t / l b )  
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